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< . S & 7 U -«ttJi 4 9 £ CD£& 
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o , stuBfg i vK&m&mitmmm 2 ©s^tts«t 0 
t ia£8ttJH t ©*ifta*tt«»*t, wiBm 2 ©sstm 
t tt z> x tr > /"Wi^sjtBi*^. 

[§»#«2] WfB«i©g|fi«ttJio^ny5|r>ira 
Btt«3 0 o"C6U:T?fc?K mrfe?g2©£&fi8ttjf ©:?p 

y + ^iBKdU 0 0t:~2 8 0 < CT&-5W*^lfBe 

©x ny/viymmmm^. 

3£&S;£ttS8l?-A*2 0 0 O e (x^XT-ry H) £*±T& 
0, W^2©S^®tt»<h7U-^ttat©3£«IS* 
2 ~ 2 0 0 O e Trfc-SW*® 1 2 

4 ] WfSm 1 ©&3£SH4JB^ Pt-Mn 
(a^-V>^» £-<&BgU Ni— Mn (x^^— v 
>#» Pd— Pt— Mn (;-!7y9A-6i 

*2©S3fi«tt«*t, I r— Mn H'Uv^A— V># 
» ^1. Rh-Mn (Pv^A— V>#» -g-^ 
l& Fe— Mn W— T>tf» ■&-&m<Z)^~?nfr-ZM 
f££*VTH51itjJcJB 1 &Hlx!it:£JH3 ©^-rn*^C|E« 
©Xfcf>/^y»m^T. 

[»^« 5 ] utriBSi i ©R^m^s^p t-Mn^ 
m-zmm-znztz, wisp tMn^K©ffi^ittt. 

P t#4 4~5 lSf%T. Mn*t4 9-5 6g^0D 
$BHT <fc 51*5 1 & 4 © HTft;^ (CfB«© 

[«*^6] m i <oK&m&m<D±\z. mmming. 
mm&miz<D&&mijimmz& om^mm^n 
zmizm&mtfBi&zti. ^<D±iz#m&mmm. 
zfyv-m&mtimmzn. zzizmmyv-m&mv) 
±\z&&mii&mmz£ v mmmfemftmomitzmt 
^K-r^\^izmK,y u —m&M<Dffi.{t&ffiz.z>m 2 © 
s^mtts*^^^nT*5 t> . mwm 1 ©s^att«n 

WSB^2©S^«Stt»J;Oyp>y^>^iag?5ii^<, L, 

&*>mmm 1 ©s^fiStteiH^ttji <t©3£&s#ft 

M8Bm2©S^fi814^i:7U-^ttJlt©32» 

m?<DgLmjjm\zis^T. mioK^m^m. m&m& 
*suiu&«. mmmteo&nmzttfaizmR&mjjaL 



tetfZ. SfiSESe 1 ©R3£^ttS©^f B «jg*WHt:T-5 
SJE. feb<«^2©S^14Jl©^'n^+>>7'ia^j; 

ettS©^P-v + >^S«t:Dfefi<, L^fcSfItB^2 
a^SS-rcii:$r!SF^ii-r^Xb°>A;P^^^©gS[ 

[0 0 0 1] 

[^©MTS&ffifrS?] *^bj«, (h!> 
(Pinned) ffiBttB) ©mffc©#ffl£fl.gBm#©lJg£g: 
-5:711- (Free) fi8&»©ete©#|Sj£©|ll«T«» 

(C^O. #ICA- FA*-f 7XJI£i8:tt;£<T ! b, — 
^tt«©fiSfk*®iEtC$!l^-l?^?, < j: 3 lc L7c:X £>A*;P 

[0 0 0 2] 

[t£*©ftffi] 1211 /N— Ft^T X?ft£0>EMKtt: 

a> & ©fa&EB#£&m-r<5x tr wt^^sivgtaK? (x 

tf>A*;v^»^m^;'\-y K) ©^*©«it^^-r»f® 

(e> (Pinned) SBttB) 2, 3 ROt^ U 

— (Free) KteJf 4 -^©WflUcfiA— h*A* 

[0 0 0 3] R^ttS 1 (CttF e-Mn 

m— ^I4>N1-Mn (--y^r;U— V> 
H«att«2S^7U-mtt«4tC«F 
e-Ni (»— =y^r;W #&tt2»«B3lCtt 
Cu (ffi) SfcA-KA-f7^l5, 5(C«Co — 

pt o/^h-a*) ^gtei»3&t-«wfc4efflsn 

T^fc„ ^*3, «F^6, 7IJTa (^>^;W ^i*©* 
[0 0 0 4] 0fc^T<t3tC. K^iSttBl tH^BStt 

g2t*ts§bT^$n. mmmfcm&m 2 1±, wies 

^ttS 1 £©#®T©3£&*S^::<fc53£giS*ttfiB# 

atsns. i»fBX»ji;frtti8#te, fi5#&Y*[$]'s-^ 

A^dte,, Tx-;i/SQ,S (mmW) &M?Z\£\z£ir)tt 
GSttttttJI 1 tWfBBSfiSttS 2 <h©#®(c43^T^ 
X^lfiJfC^b^nTV^A— KA*-f 7X1 
5. 5©^g&§ltT«rlB7'J-^i4e4©mfb^[Rj{i 

■?-n-? : nH*-©yp^+>^iaa^abD, 

^^t, S^ffiStt^t«8tt«i©|fHT©^^ 

[0 0 0 5] C©fc*, S3Satt«l t@S^t4B2i 
©#®T©3£g|g2F&«!#{C<k 0 . WIBS^ttS 2 £ 



<&mW- 10-294506 



3 V-/ 



15 0t. N i — Mn-&^<D^D>v4 1 >^taSti*>J4 
[0 0 0 6] 02 tC^TX ^A^l^SHg^t^CDSJjg 

rau A-H/K7XI5, 5 ±\zmi&ztitz.mnm8, 

[0 0-0 7] 

zrmmm^-vi^ rmm 6 ^<=>«m« 7 £-e© 6 »©w 

{BUtCA— F A-f 7X1 5 , 5*i^$tXT^Sfc«6. £A 
XI 5, 5^e>OX^[fi]W^na5f-^ 7U- fiBteJ14 

tc&ffic&b&'f. wiS7U-®tte4<Dfi8fk^x*iio 

[0 0 0 8] 0 2tC*T7.tf>/\*Jl'^#^ J ? 

-ck, y v-m&m4<Dffim\zBj&ztiT^z>s\- fa* 

y u -mteB 4 \z x;m^co+#&A*-r rxfiBl?-*-'?-*. 

-m&m 4 <Da{t;<D^[6]j!)tx^[fi]^^btc< < . 
^A?t*>y<Xrt*f££b^T^t^3^j&#& ; £>. £ 

B^SSttJl 2 ©H«C»fJiSnTHS^- HAW 
7X15, 5O8^PttJt^Wff<^StlT*3 0, Z\<D 

rz&mtmim&m 2 /\-h/h 7x15, s^e. 
[0009] W)£ bfc .j: 5 myzm&m 2 ©m-fttts 



@£StiT^5*«« MESJSfiaH4S2 0Dfi5<td^@tc:Y 

#rS)tCH£;*:nTI^&l^£. A-H/H7XI5, 5 CD 
£b>5IB|jB#t&i;&. 

[0 0 10] *5SWtt±fB^*<D^S*^T-5ifcJ?)CD 
feODTS t) . A- H A*-f TXBCOfU) — SSttB 

C9±K, K%L&&m (CAT, Sg2CD£3£JBi±») 

[OOli] W\z. ^fgfmi, iifiiaSfl2 0)£3$fi&ttB 
"cgiRU S^§l©£3£&teB£m2©'xl^^m^4B<h»^ , 
[0 0 12] 

tf=B©_tK, WI2S^BS14«tO^S*1ta#tCJ;D 

w&Mnm. terns? u -m^mtmm^nx^x 
ny/^^ymnmm^z^x, mmyu—m^m<D± 

*ftffi»2WS^fiS'l4BJ:0^n«y^r>^ia«^JiS<, b 
[0013] *%|FlT(i. Wffi^ 1 <D&.mSi&m<D7n 

ftB©^'n-y^r>i/M^l 0 0"C~2 8 OWibS^ 

[0 0 14] 3e>ic, sasa^iros^ttBtH^tt 

Bt<D3£mS^lK^2 0 0Oe (I^Xr-y K) \>X 

***14fiBll?-A* 2 ~ 2 0 0 O e X$>2> Z. 
[0 0 15] WIBm 1 CO-x^attB 

Pt-Mn (S^— Ni— Mn 
Czydrfl^— v>#» Pd-Pt-Mn (A 

ntfet). BdfB^2<DR^iiB*^ I r-Mn (--f 'J 
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v>#» -a-^^, Rh— Mn (Pi^A— V 
>#» Fe— Mn £&g|© 

[0 0 16] M^LfcP t -Mn&^l, N 1-Mn^ 

fi^-rtlfc 3 0 OlCBLLtJIK&oTlr**. £fcH£B 

i*b ©mm: ztiz&fc&m&ttmtmfem 

ti^c* < » t£o TB£tt&je©ttfl:€&a fcWBK-fbf 

■*;iian»n£T»*. ZOTctb. Pt-Mn^M. N 
i-Mn^M, StXPd — P t— Mn^llt II 

[0 0 17] fc43» MaBftl©KttB1£j|;«tp t— Mn 

Pt*i4 4~5 1ff%T'« MnA«4 9~5 6lf 

i&zntzP t-Mn^iti^ittit©#n?4i; 

[0 0 18] KrjfiUfcl r-Mnm Rh — 

Mn&M. RZfiF e— Mn-&£tg|©:/p y ^>5fi&a 
f4^-rn*> 2 8 0 < CJ^Ti«<^oTV^ <> 7«J 

^TtO, t£oTf&fE:7U-mte«©a{fc£@5©&ttJf 

I r-Mn&il, Rh-Mn^M, RUFe—Un 

[0019] mttf&wte. xif>;vifmmmmf-(D 

[0 0 2 0] WJtbfcAifc. &5£WV&, «ios» 
Hfi. l»BESB2 0S9i»ttJii:7U-«ttat©2iaftJl* 



4 <-/ 



[0 0 2 1] aMgWCtt, ttl©E!tt8ttJI, mfemte 

m. f&mmnm* 7u-«ttjaat«B2 0Ran«ttji 

81^©teMft£tf%B!lfc-r«&&. t>L<«?g2©£ 
«lli*©*n«J^*l«lt«i?-tBiliil/&3j«67=— ;wa 

[0 0 2 2] ^{C, I201gtl / T, miosaitttt 

frtons. I2©K&ffitell©:/ay*>if$a«JEUi-e 
2 ©£3feS{£J| «h©^®T"©3Eg|g7jttfi&##/h£ < ft 

0 (»«i^»tRttb) , wfem&momfctmujjfSHz 
ma&ittstix^itimy u -G3ttB©fiHfcte#«&Ert: 
u *-tM?ti©ttKf£«t?sfl& : e— .* > Maa*** 

fflCftfrvrU£-5. ^©.t^ifcRffitc&ofc^, 

B®^nry^>^jBftJ:t)<Mi<d:«&, mf>-JI52© 
K9ftW£JR i7'J -ffiSttB £ ©#® 

[0 0 2 3] Sfc, M^bfc«kofcHCDM3i«ttBt 

14Bt©l^®T^U-5^»S7j14^tt/h$V^cJ>&, tt 
B7'J -^teB©rafcteB£g*ttB©«ft#ft <h£3er 

[0 0 2 4] d©«k3fc, *»9r?H3&|t© J; a fc, A 
-H;H7Xl^S^<tfc, 7>J-BttJI©»ft:« 
SiEK:lWflrc#S&«K m 2 Jc^TJ: 3 IcTil&B 6 j&* & 

&sb 7 *T©*jii«ft^»ttfc»ri6r **H)8«ya: < , 

[0 0 2 5] HA-f T'XJifttK-rctfc.t 

nfiS#©^#<&Slt. MISH^attg©fiSffc;^S^fk 
[0 0 2 6] 

S'SMBife'pra. ^£^M / \->' H©tt*-tHL^!y HSP^tc 

da- H^r-r x^&if©eeiK**»6©«wa«#«ttta 
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[0 0 2 7] SI <DmbTlzmf&-£*lT^Z><D\3.T a 

{*>9M S:i;o«WI7j}«»)Jt3nTV»<5. 

Wte@«mttB2R^U-mttB4tt. Co-Fe 

(3/^1 — &) Ni-Fe (-y>r)l'-&) & 

^, Co (3A\)Vh) , Fe-Co-Ni (»— n/N*;P 

[oo2 8] ffif&mi<DK&m&miRzfi 

OS 1 ©K3S&&B l O^n v *>if&gtt>\ % 2 ©5 

. .®S l-.OR«itti 1 <hi^m 2 £©3S&S:Mfefi8 
;; Wi)^x%2 <DKW&&m 9 fc7 U-SH4J14 £©3?&I£ 

WcSSbl^ftfrtLTtt, SSI 1 (DKffl&tiim 1 ©:7a 
y *>^SflE** 3 0 0 *CJ£Ui-e& D, S2 ©S3£fiBfeB 

.9oya^^>^iag)in o o*c~2 8 cc-cfc-s. * 

fc, S 1 <Dfc3$MV£M 1 &H&fltttfll 2 <h05£mS*tt 
fi&##2 0 0Oe (l*7f7H) JEU:T&D> $20 

R&m&m t7U-«ttit ©£&S7jffi8^ 2-2 

0 0Oe-C$5uiW$Ui. 
[0 0 2 9] W^Lfc*#SrSIM-r^E^ 
Bttttlsftl/t, 31 1 ©R3£fiB14B 1 Kte, P t-Mn 

Ni-Mn 
Pd — Pt— Mn (A^v^A— 
—-?>J]y) Ml 2 ©&3&8BttB 9 I r 

— Mn WUy^A-V>^» Rh— Mn 

(□^-?A-V>#» Fe-Mn (&-V> 

[0030] mimvrzmi<Dfc.&M&m i iivx^m^i 

mfc* P t— Mn&&m<DZftlv*>>fUmZ1£!3 8 0 
"C, Ni-Mn&MWOOt. Pd— Pt— Mn 

^^tti^j 3 o ottfeo , (,rTnt> 3 0 O'CJ&Lt©?' 

&bfcSg2©&&^ttB9 tbT{£/8pT£g&. Ir-M 
^^10^07^180152 4 010. Rh— Mn 
£&S£ltei&2 0 Or. Fe-Mn^MltDl5 0t7 

^-rnfc i o 0*0—2 8 o'coishww^'p^^ 



[0 0 3 1] ^S^ttfiSl^tcBllxTtt. K&Bi 

&g#ftfi&3m* t<)5;5it j&W lea £ nt t » 
*. SfoT. ^1©S«I1^, P t-MnM 
R, N i -Mn&M. $fcttPd-Pt-Mn^i 

ttB2©IOT#»EK«MiSn*;ifcK:«k»3» R&fi&tt 
Jl 1 £B5£&teB 2 £©!?-SBT©3£&S7jt£fiBfM;Ju 2 
0 0OeJW±tc^:€-<?3:S. 

[0032] ft*s, tfriem i ©s&fi&ttB i#pt -m 

Jfcte. P t#4 4~5 lfiC^XT?, Mn75*4 9~5 6IC 

P ttf*4 6~4 9 a t %TMn^5 1~5 4 a t 

£©J:5feiaj«ttT»J«Sft&P t— Mn^£RK 
cfc-sm 1 ©&3£«BttB 1 iHSSSttB 2 t<OJHiiT?^C 
S^AA^tttt^^ #«{;::*:£&*>©£&£. 
®2©R^«ttB9*^ I r— Mn&4R, Rh— Mn 
F e— Mn&&m<D\<*-f'tlfr<?>K&mtiittm-C 
mfcZti, loiE7 "J — mttS 4 ©RVftWElcflff 
£ft-5£<hK=kO. JB2©fiW8tti9i7->J'-«tti 
4 t©#ffiT©3Sm^*ttmi?-« 2 ~ 2 0 0 O e SSlC 

[0 0 3 3] mz, !il0R§lttilt»2©5tlK 
ttI9tO^P7*>^fi§tf< Rtffg 1 ©K&fiBteB 
<h HSfiSttH t ©32&&7jttfi&l?-£Sg 2 <DK&mtem £ 

y u -fistts t<D^^^m^-(om^<Dm^mm b 

T. H^mttB 2 £ 7 U — J814B 4 b. omitojj m&zt 

[00 34] aitc^-ri^tc. E&m&mi.* mi&m 

P t-Mn^lTM3n5«^, P t tMnOlf 

f>^mzmmjEV<m^m) tzmm, t>t<w;f2 
fr%m7*Yiifa\zm&$:wm\sTT--)imm&ftt>n 

^a«ig5SM"Hk$-B-^«^ ^WS«T*t)> ^2 

fc«fc»3, H)0»ttJi 2 Rtf 7 U -attB 4 ©«{t*«HS 

©SMttttB 1 tH^a^B 2-i©JWP£E*2am 

MfBHSmttB 2 ©aft«H 

[0 0 3 5]^lC, $2©XSi:bT, WIBS 1 ©£& 
l©^P>y^>^i&SJ;Ot><S<. bJ^fettiafS 
2 ©J£3$fiBt£« 9 ©^P ^>^iaffi<t 0 feiU^iBg 
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ofc&m&m 9 © zru v * > y*a^ j; o & < & ^ 
^ttn^e.^^. i ©£3$fi8ttji i c^D y 
^y^fumMms 8 otop t Mn^M»sn, 
m2<D&msz&m9\z7 , n yir>ifMm&ffi2 a or© 

llTfi, 2 4 O'CfcDfcflK 3 8 0"C J; 0 t>{£l^iBS 

[0036] m2xm'?<D7—-)Ui!im\zi$rtz>um 

fefelC, tiffS®2©S:^mttS9i:7U-^ttS4tG) 

--)mmmmnimmzm^z\t, RztM&vrc£.5\z 
mizmftm 2 <om{t\,tmmY^j^nz^m\zm^tix^ 
•stitcio, mmmim&m2<DmitttYj5mizmi£ 

[0 0 3 7] c © <fc 5 <ttRlB** 6 7:z-;M&££&* 

«tsi*th€?. turnr—— )vmm.nvm2(DKmM&m 

9©^Py^>^ia^TlC^ofct€?, Stf, US 2© 

©&^©Wfe£ifij (H^x^rfii) izmm&nttstiz. 

/£U ig2©K3&fl3ttJ19 i7'J- mfi.M 4 iKD^-MX 

M£l©K&SB 

fe/h3lr>) fcifc, I»fB:7<J— ®H4Jl4©figKb«, IB^IK 

fr<D®nmmzttVT mmYuw , ®itse*fiT 

[0 0 3 8] R±(OJ;p»C, 7'J-mi4B 
4©±tcfg2©K&mttlf 9^f££:n. ^&<<hfc@ 

jgattJi 2 ©Tic#j«stt*» i e>K%zm&m 1 twis 

!?52©K3iSfiSteJ19 

©8! 1 ©£3£&ttH 1 ©7J75*, 3!2©£3$ffiBttJf 9*9 

^ ^-p >v * >^ja^*ijas ^ 

<2>gs i ©s&sBttji i tmfem&m 2 t&Rffixn&m 

[0 0 3 9] ^LT< f 1(DS»I1 



t, 7—-)\smmtfM2nz>z\£\z£Q, 1^12 
i)-m&m4<Dmik&m^xj3fa\z, h^mmm^ 
mm&ttz z. tvx&z. 

[0 0 4 0] ftoT, tE3l5<£><±: •S fc. A— K/f-f 7X1 

^Bi&©M«£«Mffittfcx^>y-r-&ie£*< ^ 
QLMT.moffimitzmixzz. s^a-h 

[0041] H±ff«i,fcx b->n;^iii$f t 
*&n, L^t)ffi^^e.Y^r6j^^-¥^.e)n-5 

• t, 7 , J-fi8tt^4©a<k^r6l^X*Inl^e.Y*[fi]'v(pJ 
WTSSftT*. i©tt7'J-«ttl4 il^ffitt!2 
© 5 %M-*©S*> &*Kf'vfMftl/J; 3 i-r-5*^*t. # 
^tt#mB3£H^ttB2£©#®, S&f&HBtt* 
112 t7U -filttB 4 £©#®T»SL£ig£ U «fl 

[0 0 4 2] 

K&ssw #*p-er£. hi tc^-TTifejf 6t5>£#®ji 

7 ST© 7 «*£iTtC^-r^SStXlUST^b, «T 
©^TTT^-^«L31^JSLfc. ^LT, ^1©K^ 

j^ttB i t®i£m&m 2 £©^s-e#^n^*s*tt 

&tf?S2©S3&8tt«9£:7'J-fi&te«4£©|jl 

VSM(CctDSl5tbfc. ^-©^>fe*^«T{c^-r. 

[0 0 4 3] Tift® 6 ©#R£T a (^>^;W Tf, K 
J»*5 0^->^XhP-A-e^BKL^ Bl©S3fifi8tt^ 
15rPt-Mn^)^ (ZfUy*>->fUm®3 8 Ot:) 

l2SCo-Fe^lt, ^J9* 3 0t>^hU- 
ATML, #att««B3*Cu (ffl) TJ. Kff=£2 
8t>^XhP-ATMt. 7U-fi8ttS4$:Co — 



F e ^lT, KJP£ 5 Ot^XhD- ATJgfiKUv 
^2©M^ttB9«rI r-Mn&M (^P«>^>^/ 
)S^2 4 0 , C) TT, lyS10 0t>^hP-i,"C 

>yxhn-AT?MLfc. Cl©J;-5(cL,T^$nfc 
^BIMtC, (C*-rY77[6lfC2 0 0 OOe (x;P 

Xf-; F) ©mi?-£TOnL&#eK 2 3 01CT4W7 

[0 0 44] JfctC, 0^X7jlfi»C 2 0 0 0 O e ©m^-* 
EPinUTi^f,, 2 5 0*C-T?1 0M7Z- JWMS^SS 
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2 t(7)#ffiTfO^S*14ai?-tt. 7 0 0 O e est* 
9t7'J 4 t»#®T£>£&g#t!fefiBfMi 6 0 

[0 0 4 5] 

7 u — fiSttS*^® £ tix ^ -5 x tf y/vizfmM^^ 

[0 04 6] tatam i <DR&M&m t.m 2 ©sastti 
<Dsg 1 {DfiMM&m&yn v * >{fmmtf?& 2 <d? □ 

[0 0 4 7] ^LT, *fKT«, Sgl©JK3&«&ttll.fc 



[0 0 4 8] Cl(DTr:-;U®aiC«ki3, @5£fi£tell©fi& 
[0 0 4 9] £tf)J;5K:> fi^WJ^tCA 

[01] *5§?q©Xtf>AVl'^*K^©^it**T 
»r®0. 

[02] &&<Dx\±>/*)i7'MmmmT<Dffir& : &7K-$~$i 
[flFff<z>tft9n 
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making use of the blocking temperature between the diamagnetic 
layers 1 and 9. 
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* NOTICES * 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**+* shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the spin bulb mold thin film which the fixed magnetic layer to which the magnetization direction is fixed 
by the exchange anisotropy field with said antiferromagnetism layer is formed on the 1 st antiferromagnetism layer, 
and the laminating of a nonmagnetic conductive layer and the free magnetic layer is carried out on it, and changes 
On said free magnetic layer, the 2nd antiferromagnetism layer which arranges magnetization of said free magnetic 
layer in the direction which intersects the magnetization direction of said fixed magnetic layer by the exchange 
anisotropy field is formed. Said 1 st antiferromagnetism layer is a spin bulb mold thin film characterized by blocking 
temperature being higher than said 2nd antiferromagnetism layer, and moreover the exchange anisotropy field of 
said 1st antiferromagnetism layer and fixed magnetic layer being larger than the exchange anisotropy field of said 
2nd antiferromagnetism layer and free magnetic layer. 

[Claim 2] The spin bulb mold thin film according to claim 1 whose blocking temperature of said 2nd 
antiferromagnetism layer the blocking temperature of said 1st antiferromagnetism layer is 300 degrees C or more, 
and is 100 degrees C - 280 degrees C, 

[Claim 3] The spin bulb mold thin film according to claim 1 or 2 whose exchange anisotropy field of said 2nd 
antiferromagnetism layer and free magnetic layer the exchange anisotropy fields of said 1 st antiferromagnetism layer 
and fixed magnetic layer are more than 200Oe(s) (oersted), and is 2-200Oe. 

[Claim 4] Said 1st antiferromagnetism layer The Pt-Mn (platinum-manganese) alloy film, the nickel-Mn (nickel- 
manganese) alloy film. It is formed with either of the Pd-Pt-Mn (palladium-platinum-manganese) alloy film. The spin 
bulb thin film according to claim 1 to 3 in which said 2nd antiferromagnetism layer is formed by the Ir-Mn (iridium- 
manganese) alloy film, the Rh-Mn (rhodium-manganese) alloy film, or the Fe-Mn (iron-manganese) alloy film. 
[Claim 5] The presentation ratio of said PtMn alloy film is a spin bulb thin film according to claim 1 to 4 whose Pt is 
44 to 51 atom % when said 1st antiferromagnetism layer is formed by the Pt-Mn alloy film and whose Mn is the 
range of 49 - 56 atom %. 

[Claim 6] On the 1 st antiferromagnetism layer, the fixed magnetic layer to which the magnetization direction is fixed 
by the exchange anisotropy field with said 1st antiferromagnetism layer is formed. The laminating of a nonmagnetic 
conductive layer and the free magnetic layer is carried out on it, and the 2nd antiferromagnetism layer which 
arranges magnetization of said free magnetic layer is formed in the direction which crosses with the magnetization 
direction of said fixed magnetic layer by the exchange anisotropy field on said free magnetic layer further. Said 1 st 
antiferromagnetism layer has blocking temperature higher than said 2nd antiferromagnetism layer. And it sets to the 
manufacture approach of a spin bulb mold thin film that the exchange anisotropy field of said 1 st antiferromagnetism 
layer and fixed magnetic layer is larger than the exchange anisotropy field of said 2nd antiferromagnetism layer and 
free magnetic layer. Impressing a field in the direction of a leak field of a record medium, after carrying out the 
laminating of the 1st antiferromagnetism layer, a fixed magnetic layer, a nonmagnetic conductive layer, a free 
magnetic layer, and the 2nd antiferromagnetism layer Impressing a field in the direction which heat-treats at 
temperature lower than the temperature which the crystal structure of said 1 st antiferromagnetism layer regulation- 
izes, or the blocking temperature of the 2nd antiferromagnetism layer, next intersects the leak field of a record 
medium The manufacture approach of the spin bulb mold thin film characterized by being lower than the blocking 
temperature of said 1 st antiferromagnetism layer, and moreover heat-treating at temperature higher than the 
blocking temperature of said 2nd antiferromagnetism layer. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Even if this invention relates to the so-called spin bulb mold thin film magnetic head from 
which electric resistance changes by the relation between the direction of magnetization of a fixed magnetic layer 
(pin (Pinned) magnetic layer), and the direction of the magnetization of a free (Free) magnetic layer influenced of an 
external magnetic field, especially does not prepare a hard bias layer, it relates to the spin bulb mold thin film which 
enabled it to control magnetization of a free magnetic layer proper. 
[0002] 

[Description of the Prior Art] Drawing 2 is the sectional view showing the conventional structure of a spin bulb mold 
thin film (spin bulb mold thin fiim magnetic head) of detecting the record field from record media, such as a hard 
disk. As shown in drawing, the laminating of the antiferromagnetism layer 1, the fixed magnetic layer (pin (Pinned) 
magnetic layer) 2, the nonmagnetic conductive layer 3, and the free (Free) magnetic layer 4 is carried out and the 
hard bias layers 5 and 5 are formed in the both sides. 

[0003] Generally in the former, the Co-Pt (cobalt-platinum) alloy film etc. was used for Cu (copper) film and the 
hard bias layers 5 and 5 by the Fe-Mn (iron-manganese) alloy film, the nickel-Mn (nickel-manganese) alloy film, the 
fixed magnetic layer 2, and the free magnetic layer 4 at the Fe-nickel (iron-nickel) alloy film and the nonmagnetic 
conductive layer 3 at the antiferromagnetism layer 1. In addition, signs 6 and 7 are the substrate layers and 
protective layers which were formed by non-magnetic materials, such as Ta (tantalum). 

[0004] As shown in drawing, the antiferromagnetism layer 1 and the fixed magnetic layer 2 touch, and are formed, 
said fixed magnetic layer 2 is single-domain-ized in the direction of Y by the exchange anisotropy field by the 
switched connection in an interface with said antiferromagnetism layer 1, and the direction of magnetization is fixed 
in the direction of Y. Said exchange anisotropy field is produced in the interface of said antiferromagnetism layer 1 
and said fixed magnetic layer 2 by performing annealing treatment (heat treatment), giving a field in the direction of 
Y. Moreover, in response to the effect of the hard bias layers 5 and 5 magnetized in the direction of X, the 
magnetization direction of said free magnetic layer 4 is arranged in the direction of X. By the way, if there is 
blocking temperature of a proper in an antiferromagnetism ingredient, respectively and this temperature is exceeded, 
the exchange anisotropy field in the interface of an antiferromagnetism layer and a magnetic layer will disappear. 
[0005] For this reason, it is necessary to perform annealing treatment performed by the exchange anisotropy field in 
the interface of the antiferromagnetism layer 1 and the fixed magnetic layer 2 in case said fixed magnetic layer 2 is 
single-domain-ized in the direction of Y below at the blocking temperature of the antiferromagnetism ingredient 
which constitutes the antiferromagnetism layer 1. if heat treatment exceeding blocking temperature is performed, 
the problem that an exchange anisotropy field becomes weak (or — disappearing), therefore magnetization of the 
fixed magnetic layer 2 stops singie-domain-izing in the direction of Y, and the noise in a detection output becomes 
large will occur. Incidentally, the blocking temperature of about 150 degrees C and the nickel-Mn alloy film of the 
blocking temperature of the Fe-Mn alloy film used as an antiferromagnetism layer 1 from the former is about 400 
degrees C. 

[0006] Six layers from the substrate layer 6 to a protective layer 7 are formed first, it is etching processes, such as 
ion milling, after that, as the manufacture approach of the spin bulb mold thin film shown in drawing 2 , it is shaved 
off so that said flank of six layers may serve as an inclined plane of an include angle theta, and the hard bias layers 
5 and 5 are formed by said both sides of six layers after that. In this spin bulb mold thin film, the stationary current 
(detection current) is given to the fixed magnetic layer 2, the nonmagnetic conductive layer 3, and the free magnetic 
layer 4 from the hard bias layer 5 and the conductive layers 8 and 8 formed on five. The transit direction of record 
media, such as a hard disk, is a Z direction, and if given in the direction of leak field Y from a record medium, 
magnetization of the free magnetic layer 4 will change from X towards the direction of Y. Electric resistance 
changes by the relation between fluctuation of the direction of magnetization within this free magnetic layer 4, and 
the fixed magnetization direction of the fixed magnetic layer 2, and the leak field from a record medium is detected 
by the electrical-potential-difference change based on this electric resistance value change. 
[0007] 

[Problem(s) to be Solved by the Invention] In the spin bulb thin film shown in drawing 2 , since the hard bias layers 5 
and 5 were formed in the both sides of six layers from the substrate layer 6 to a protective layer 7, there were the 
following troubles. First, the include angle theta of the inclined plane currently formed in the flank of six layers from 
the substrate layer 6 to a protective layer 7 needs to be stored within the limits of arbitration, and if an inclined 
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plane is formed at the include angle theta from which it separated from this range, the trouble that the leak field of 
the direction of X from the hard bias layers 5 and 5 does not get across to the free magnetic layer 4 good, and does 
not gather completely [ magnetization of said free magnetic layer 4 / the direction of X ] will produce it If the 
magnetization direction of the free magnetic layer 4 is not completely singje-domain-ized in the direction of X, 
reproducing characteristics — a Barkhausen noise occurs — will be affected. 

[0008] Moreover, in the spin bulb mold thin film shown in drawing 2 , the thickness of the hard bias layers 5 and 5 
currently formed in the both sides of the free magnetic layer 4 has the structure where it is thin, for this reason 
sufficient bias field to the direction of X cannot be given to the free magnetic layer 4. Therefore, the direction of 
magnetization of said free magnetic layer 4 cannot be easily stabilized in the direction of X, and there is a fault of 
being easy to generate a Barkhausen noise. Furthermore, the thickness of the hard bias layers 5 and 5 currently 
formed in the both sides of the fixed magnetic layer 2 is formed comparatively thickly, and, for this reason, said fixed 
magnetic layer 2 has received the bias field of the comparatively strong direction of X from the hard bias layers 5 
and 5. 

[0009] As mentioned above, magnetization of the fixed magnetic layer 2 is being fixed in the direction of Y by the 
exchange anisotropy field in an interface with the antiferromagnetism layer 1, but if magnetization of said fixed 
magnetic layer 2 is not being firmly fixed in the direction of Y, it may change in response to the effect of the bias 
field to the direction of X of the hard bias layers 5 and 5, and the problem that the leak field from a record medium 
is undetectable good will arise. 

[0010] This invention is for solving the above-mentioned conventional technical problem, and instead of the hard 
bias layer, an antiferromagnetism layer (following and 2nd antiferromagnetism layer) is prepared on a free magnetic 
layer, and it aims at offering the spin bulb mold thin film which arranged the magnetization direction of said free 
magnetic layer in the magnetization direction of a fixed magnetic layer, and the crossing direction. 
[001 1] The antiferromagnetism layer to which the blocking temperature of said 2nd antiferromagnetism layer 
touches a fixed magnetic layer by this invention especially Are lower than the blocking temperature of (the following 
and 1 st antiferromagnetism layer). Moreover, the exchange anisotropy field of the 2nd antiferromagnetism layer and 
a free magnetic layer By choosing an antiferromagnetism ingredient which becomes smaller than the exchange 
anisotropy field of the 1st antiferromagnetism layer and a fixed magnetic layer proper, and performing annealing 
treatment using the temperature gradient of the blocking temperature of the 1st antiferromagnetism layer and the 
2nd antiferromagnetism layer It aims at offering the manufacture approach of the spin bulb mold thin film which 
enabled it to control the direction and strength of magnetization proper. [ magnetic layer / a fixed magnetic layer 
and / free ] 
[0012] 

[Means for Solving the Problem] In the spin bulb mold thin film of which the fixed magnetic layer to which the 
magnetization direction is fixed by the exchange anisotropy field with said antiferromagnetism layer is formed on the 
1 st antiferromagnetism layer, the laminating of a nonmagnetic conductive layer and the free magnetic layer is 
carried out on it, and this invention consists On said free magnetic layer, the 2nd antrferromagnetism layer which 
arranges magnetization of said free magnetic layer in the direction which intersects the magnetization direction of 
said fixed magnetic layer by the exchange anisotropy field is formed. Said 1st antiferromagnetism layer has blocking 
temperature higher than said 2nd antrferromagnetism layer, and, moreover, the exchange anisotropy field of said 1st 
antiferromagnetism layer and fixed magnetic layer is characterized by being larger than the exchange anisotropy 
field of said 2nd antiferromagnetism layer and free magnetic layer. 

[0013] It is desirable that the blocking temperature of said 1st antiferromagnetism layer is 300 degrees C or more, 
and the blocking temperature of said 2nd antiferromagnetism layer is 100 degrees C - 280 degrees C in this 
invention. 

[0014] Furthermore, the exchange anisotropy fields of said 1st antiferromagnetism layer and fixed magnetic layer 
are more than 200Oe(s) (oersted), and it is desirable that the exchange anisotropy field of said 2nd 
antiferromagnetism layer and free magnetic layer is 2-200Oe. 

[0015] Said 1st antiferromagnetism layer in this invention Moreover, the Pt-Mn (platinum-manganese) alloy film, It is 
formed by the nickel-Mn (nickel-manganese) alloy film or the Pd-Pt-Mn (palladium-platinum-manganese) alloy film. 
It is desirable that said 2nd antiferromagnetism layer is formed by the Ir-Mn (iridium-manganese) alloy film, the Rh- 
Mn (rhodium-manganese) alloy film, or the Fe-Mn (iron-manganese) alloy film. 

[0016] Each blocking temperature of the Pt-Mn alloy film mentioned above, the nickel-Mn alloy film, and the Pd-Pt- 
Mn alloy film is high with 300 degrees C or more. Moreover, although based also on the thickness of a fixed magnetic 
layer, the exchange anisotropy field produced when these antiferromagnetism ingredients and fixed magnetic layers 
touch is very large, therefore it is possible to single-domain-ize magnetization of a fixed magnetic layer firmly. For 
this reason, it can be said that the Pt-Mn alloy film, the nickel-Mn alloy film, and the Pd-Pt-Mn alloy film are the 
ingredients optimal as an antrferromagnetism ingredient which constitutes the 1 st antiferromagnetism layer. 
[0017] In addition, when said 1st antiferromagnetism layer is formed by the Pt-Mn alloy film, Pt is 44 to 51 atom %, 
and. as for the presentation ratio of said PtMn alloy film, it is desirable that Mn is the range of 49 - 56 atom %. The 
exchange anisotropy field produced in the interface of the Pt-Mn alloy film and fixed magnetic layer which were 
formed by such presentation ratio will become very big. 

[0018] Moreover, each blocking temperature of the Ir-Mn alloy film mentioned above, the Rh-Mn alloy film, and the 
Fe-Mn alloy film is low with 280 degrees C or less, moreover, the direction which the exchange anisotropy field 
produced in the interface of these antiferromagnetism ingredients and free magnetic layers is small, therefore 
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intersects the magnetization direction of a fixed magnetic layer in magnetization of said free magnetic layer although 
based also on the thickness of a free magnetic layer — and it is possible to keep step with extent which can carry 
out flux reversal by the external magnetic field. For this reason, it can be said that the Ir-Mn alloy film, the Rh-Mn 
alloy film, and the Fe-Mn alloy film are the ingredients optimal as an antiferromagnetism ingredient which constitutes 
the 2nd antiferromagnetism layer. 

[0019] Moreover, this invention, impressing a field in the direction of a leak field of a record medium in the 
manufacture approach of a spin bulb mold thin film, after carrying out the laminating of the 1 st antiferromagnetism 
layer, a fixed magnetic layer, a nonmagnetic conductive layer, a free magnetic layer, and the 2nd antiferromagnetism 
layer Impressing a field in the direction which heat-treats at temperature lower than the temperature which the 
crystal structure of said 1 st antiferromagnetism layer regulation-izes, or the blocking temperature of the 2nd 
antiferromagnetism layer, next intersects the leak field of a record medium It is lower than the blocking temperature 
of said 1 st antiferromagnetism layer, and is characterized by moreover heat-treating at temperature higher than the 
blocking temperature of said 2nd antiferromagnetism layer. 

[0020] As mentioned above, in this invention the 1 st antiferromagnetism layer and the 2nd antiferromagnetism layer 
** the blocking temperature of the 1st antiferromagnetism layer — the 2nd blocking temperature — comparing — 
high ** — the exchange anisotropy field of the 1 st antiferromagnetism layer and a fixed magnetic layer It is 
necessary to fulfill the becoming large conditions compared with the exchange anisotropy field of said 2nd 
antiferromagnetism layer and free magnetic layer, and the antiferromagnetism ingredient which fulfills these 
conditions is used as the 1 st antiferromagnetism layer and 2nd antiferromagnetism layer. 
[0021] In this invention, after the laminating of the 1st antiferromagnetism layer, a fixed magnetic layer, a 
nonmagnetic conductive layer, a free magnetic layer, and the 2nd antiferromagnetism layer is carried out, first, it is 
the temperature lower than the temperature which the crystal structure of the 1st antiferromagnetism layer 
regulation-izes, or the blocking temperature of the 2nd antiferromagnetism layer as the 1 st process, and annealing 
treatment is performed, impressing a field in the direction of a leak field of a record medium moreover. According to 
this process, both magnetization of a fixed magnetic layer and a free magnetic layer is arranged in the direction of a 
leak field of a record medium. 

[0022] Next, as the 2nd process, it is below the blocking temperature of the 1 st antiferromagnetism layer, and 
annealing treatment is performed, impressing a field in the direction which intersects the direction of a leak field of a 
record medium at the temperature beyond the blocking temperature of the 2nd antiferromagnetism layer, by 
performing annealing treatment above the blocking temperature of the 2nd antiferromagnetism layer, the exchange 
anisotropy field in the interface of a free magnetic layer and the 2nd antiferromagnetism layer will become small (or 
— disappearing), magnetization of a fixed magnetic layer and magnetization of said free magnetic layer single- 
domain-ized in the same direction will be formed into many magnetic domains, and the magnetic moment in each 
magnetic domain will be suitable in the various directions. If temperature is reduced gradually and annealing 
temperature becomes lower than the blocking temperature of the 2nd antiferromagnetism layer after being in such a 
condition, again, an exchange anisotropy field will arise in the interface of the 2nd antiferromagnetism layer and a 
free magnetic layer, and magnetization of a free magnetic layer will be arranged in the magnetization direction of a 
fixed magnetic layer, and the crossing direction. 

[0023] Moreover, since the exchange anisotropy field produced in the interface of the 1 st antiferromagnetism layer 
and a fixed magnetic layer is large as mentioned above, magnetization of said fixed magnetic layer is firmly fixed in 
the direction of a leak field of a record medium. Moreover, since the exchange anisotropy field produced in the 
interface of the 2nd antiferromagnetism layer and a free magnetic layer is small, magnetization of said free magnetic 
layer is arranged with extent which can carry out flux reversal in the magnetization direction of a fixed magnetic 
layer, and the crossing direction. 

[0024] Thus, since magnetization of a free magnetic layer is controllable by this invention proper like before even if 
it does not prepare a hard bias layer, as shown in drawing 2 , it is not necessary to form the multilayers from the 
substrate layer 6 to a protective layer 7 in trapezoidal shape, and a production process can be simplified. 
[0025] Moreover, by losing a hard bias layer, like before, a fixed magnetic layer is influenced of the leak field of a 
hard bias layer, and that also of the problem that magnetization of said fixed magnetic layer destabilizes is lost. 
[0026] 

[Embodiment of the Invention] Drawing 1 is the sectional view showing the structure of the spin bulb mold thin film 
of this invention. The laminating of this spin bulb mold thin film is carried out to the read-out head part of the thin 
film magnetic head, and the leak field from record media, such as a hard disk, is detected by said spin bulb thin film. 
In addition, the thin film magnetic head is prepared in the trailing side edge section of the surfacing type slider 
formed in a hard disk drive unit etc., the migration direction of record media, such as a hard disk, is a Z direction, 
and the direction of the leak field from a record medium is the direction of Y. 

[0027] The substrate layer 6 formed by non-magnetic materials, such as Ta (tantalum), is formed in the bottom of 
drawing 1 . On this substrate layer 6, the laminating of the antiferromagnetism layer (1st antiferromagnetism layer) 1 
and the fixed magnetic layer (pin magnetic layer) 2 is carried out. On said fixed magnetic layer 2, the nonmagnetic 
conductive layer 3 with low electric resistance, such as Cu (copper), is formed, the free magnetic layer 4 is formed 
on said nonmagnetic conductive layer 3, and the antiferromagnetism layer (2nd antiferromagnetism layer) 9 is further 
formed on said free magnetic layer 4. And the protective layers 7, such as Ta (tantalum), are formed on said 
antiferromagnetism layer 9. In addition, said fixed magnetic layer 2 and free magnetic layer 4 are formed with a Co- 
Fe (cobalt-iron) alloy, a nickel-Fe (nickel-iron) alloy, Co (cobalt), a Fe-Co-nickel (iron-cobalt-nickel) alloy, etc. 
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[0028] In this invention, the antiferromagnetism ingredient which is satisfied with said 1 st antiferromagnetism layer 1 
and the 2nd antiferromagnetism layer 9 of the conditions shown below is used. 

** The blocking temperature of the 1 st antiferromagnetism layer 1 is high compared with the blocking temperature 
of the 2nd antiferromagnetism layer 9. 

** The exchange anisotropy field of the 1 st antiferromagnetism layer 1 and the fixed magnetic layer 2 is large 
compared with the exchange anisotropy field of the 2nd antiferromagnetism layer 9 and the free magnetic layer 4. 
As especially desirable conditions, the blocking temperature of the 1st antiferromagnetism layer 1 is 300 degrees C 
or more, and the blocking temperature of the 2nd antiferromagnetism layer 9 is 100 degrees C - 280 degrees C. 
Moreover, the exchange anisotropy fields of the 1 st antiferromagnetism layer 1 and the fixed magnetic layer 2 are 
more than 200Oe(s) (oersted), and it is desirable that the exchange anisotropy field of the 2nd antiferromagnetism 
layer and a free magnetic layer is 2-200Oe. 

[0029] As an antiferromagnetism ingredient which is satisfied with this invention of the conditions mentioned above, 
in the 1 st antiferromagnetism layer 1 The Pt-Mn (platinum-manganese) alloy film, the nickel-Mn (nickel-manganese) 
alloy film, and the Pd-Pt-Mn (palladium-platinum-manganese) alloy film in the 2nd antiferromagnetism layer 9 The 
Ir-Mn (iridium-manganese) alloy film, the Rh-Mn (rhodium-manganese) alloy film, and the Fe-Mn (iron-manganese) 
alloy film can be shown. 

[0030] The blocking temperature of the Pt-Mn alloy film usable as 1 st antiferromagnetism layer 1 mentioned above 
is an antiferromagnetism ingredient with which about 400 degrees C and the Pd-Pt-Mn alloy film are about 300 
degrees C, and, as for about 380 degrees C and the nickel-Mn alloy film, all have the blocking temperature of 300 
degrees C or more. Moreover, the blocking temperature of the Ir-Mn alloy film usable as 2nd antiferromagnetism 
layer 9 mentioned above is an antiferromagnetism ingredient with which about 200 degrees C and the Fe-Mn alloy 
film are about 150 degrees C, and, as for about 240 degrees C and the Rh-Mn alloy film, all have the blocking 
temperature within the limits of 100 degrees C - 280 degrees C. 

[0031] Moreover, about an exchange anisotropy field, not only the quality of the material of an antiferromagnetism 
layer but the thickness of the magnetic layer which touches said antiferromagnetism layer is related, and generally it 
is known that an exchange anisotropy field will become large, so that the thickness of said magnetic layer is thin. 
Therefore, the exchange anisotropy field in the interface of the antiferromagnetism layer 1 and the fixed magnetic 
layer 2 becomes large at 200 or more Oes by forming the 1 st antiferromagnetism layer 1 with the 
antiferromagnetism ingredient of either the Pt-Mn alloy film, the nickel-Mn alloy film or the Pd-Pt-Mn alloy film, and 
adjusting the thickness of said fixed magnetic layer 2 proper. 

[0032] In addition, when said 1st antiferromagnetism layer 1 is formed by the Pt-Mn alloy film, Pt is 44 to 51 atom %, 
and, as for the presentation ratio of said PtMn alloy film, it is desirable that Mn is the range of 49 - 56 atom %. Pt is 
[ Mn ] 51 - 54at% at 46 - 49at% still more preferably. The exchange anisotropy field produced in the interface of the 
1 st antiferromagnetism layer 1 and the fixed magnetic layer 2 by the Pt-Mn alloy film formed by such presentation 
ratio will become very big. Moreover, the exchange anisotropy field in the interface of the 2nd antiferromagnetism 
layer 9 and the free magnetic layer 4 becomes small to 2 - 200Oe extent by forming the 2nd antiferromagnetism 
layer 9 with one antiferromagnetism ingredient of the Ir-Mn alloy film, the Rh-Mn alloy film, and the Fe-Mn alloy film, 
and adjusting the thickness of said free magnetic layer 4 proper. 

[0033] Next, the approach of the fixed magnetic layer 2 and the free magnetic layer 4 of adjusting the direction and 
strength of magnetization proper is explained below using the difference between the blocking temperature gradient 
of the 1 st antiferromagnetism layer 1 and the 2nd antiferromagnetism layer 9, and the exchange anisotropy magnetic 
field strength of the exchange anisotropy field of the 1 st antiferromagnetism layer and a fixed magnetic layer, the 
2nd antiferromagnetism layer, and a free magnetic layer. 

[0034] As shown in drawing 1 , after the laminating of the antiferromagnetism layer 1 ( the fixed magnetic layer 2, the 
nonmagnetic conductive layer 3, the free magnetic layer 4, and the antiferromagnetism layer 9 is carried out, as the 
1st process The crystal structure of said 1st antiferromagnetism layer 1 is regulation-ization (for example, when the 
antiferromagnetism layer 1 is formed by the Pt-Mn alloy film). It is temperature lower than the temperature with 
which the atom of Pt and Mn is regularly located in a line by turns and which carries out a condition, or the blocking 
temperature of the 2nd antiferromagnetism layer, and moreover, a field is impressed in the direction of illustration Y, 
and annealing treatment is performed. In addition, when the time amount of the annealing treatment in the 1st 
process makes a crystal structure regulation-ize, it is about several hours, and the time amount in the case of 
annealing at temperature lower than the blocking temperature of the 2nd antiferromagnetism layer is several 
minutes - dozens of minutes. Magnetization of the fixed magnetic layer 2 and the free magnetic layer 4 is single- 
domain-ized in the direction of illustration Y by this process. In addition, since the exchange anisotropy field 
produced in the interface of the 1st antiferromagnetism layer 1 and the fixed magnetic layer 2 is large as mentioned 
above, magnetization of said fixed magnetic layer 2 is firmly fixed in the direction of illustration Y. 
[0035] Next as the 2nd process, it is lower than the blocking temperature of said 1st antiferromagnetism layer 1, 
and at temperature higher than the blocking temperature of said 2nd antiferromagnetism layer 9, a field is impressed 
in the direction of illustration X, and, moreover, annealing treatment is carried out. In addition, the time amount of 
the annealing treatment in the 2nd process is several minutes - about dozens of minutes. In the annealing treatment 
in the 2nd process, since it is lower than the blocking temperature of said 1 st antiferromagnetism layer 1 and 
temperature higher than the blocking temperature of said 2nd antiferromagnetism layer 9 is moreover used, the 
blocking temperature of said 1st antiferromagnetism layer 1 must be higher than the blocking temperature of said 
2nd antiferromagnetism layer 9 like this invention. For example, if the PtMn alloy film whose blocking temperature is 
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about 380 degrees C is used for the 1 st antiferromagnetism layer 1 and the IrMn alloy film whose blocking 
temperature is about 240 degrees C is used for the 2nd antiferromagnetism layer 9, in the annealing treatment in 
the 2nd process, temperature [ higher than 240 degrees C ] lower than 380 degrees C will become usable. 
[0036] Since the temperature in the annealing treatment in the 2nd process is higher than the blocking temperature 
of the 2nd antiferromagnetism layer 9 The exchange anisotropy field produced in the interface of said 2nd 
antiferromagnetism layer 9 and free magnetic layer 4 becomes small (or — disappearing). Magnetization of the free 
magnetic layer 4 single-domain-ized in the direction of illustration Y at the 1 st process is formed into many 
magnetic domains, and it is begun to turn to the direction of the magnetic moment in each magnetic domain in the 
various directions. Moreover, magnetization of said fixed magnetic layer 2 has become [ being fixed in the direction 
of Y with as, and ] that the temperature in annealing treatment is lower than the blocking temperature of the 1 st 
antiferromagnetism layer 1, that the annealing processing time is very short, and by fixing magnetization of the fixed 
magnetic layer 2 in the direction of illustration Y firmly, as mentioned above at this time. 

[0037] When annealing temperature is gradually reduced from such a condition and said annealing temperature turns 
into below the blocking temperature of the 2nd antiferromagnetism layer 9, again, switched connection occurs in the 
interface of the 2nd antiferromagnetism layer 9 and the free magnetic layer 4, and magnetization of said free 
magnetic layer 4 is shortly single-domain-ized in the impression direction (the direction of illustration X) of the field 
in the 2nd process. However, since the exchange anisotropy field in the interface of the 2nd antiferromagnetism 
layer 9 and the free magnetic layer 4 was small (smaller at least than the exchange anisotropy field in the interface 
of the 1 st antiferromagnetism layer 1 and the fixed magnetic layer 2), magnetization of said free magnetic layer 4 
had been single-domain-ized to the leak field of a record medium (the direction of illustration Y) by extent which 
starts flux reversal. 

[0038] As mentioned above, in this invention, the 2nd antiferromagnetism layer 9 is formed on the free magnetic 
layer 4. The 1 st antiferromagnetism layer 1 formed in the bottom of the fixed magnetic layer 2 at least and said 2nd 
antiferromagnetism layer 9 ** the direction of the 1 st antiferromagnetism layer 1 — ** with blocking temperature 
higher than the 2nd antiferromagnetism layer 9 — the exchange anisotropy field in the interface of the 1st 
antiferromagnetism layer 1 and the fixed magnetic layer 2 It is formed with the antiferromagnetism ingredient which 
fulfills the becoming larger conditions than the exchange anisotropy field in the interface of the 2nd 
antiferromagnetism layer 9 and the free magnetic layer 4. 

[0039] And using the blocking temperature gradient of the 1 st antiferromagnetism layer 1 and the 2nd 
antiferromagnetism layer 9, by performing annealing treatment, magnetization of the fixed magnetic layer 2 can be 
fixed in the direction of illustration Y, and magnetization of said free magnetic layer 4 can be single-domain-ized in 
this invention to extent which moreover starts flux reversal to the leak field (the direction of illustration Y) of a 
record medium in the direction of illustration X. . 

[0040] Therefore, the process which it becomes unnecessary to prepare a hard bias layer, and etches the both 
sides of the multilayers from the substrate layer 6 to a protective layer 7 in the shape of an inclined plane like 
before can be skipped, and simplification of a production process can be realized. Moreover, by it becoming 
unnecessary preparing a hard bias layer, like before, a fixed magnetic layer is influenced of the leak field of a hard 
bias layer, and that also of the problem that the magnetization direction of said fixed magnetic layer destabilizes is 
lost 

[0041] In the spin bulb mold thin film explained in full detail above, if the stationary current (detection current) is 
given to the fixed magnetic layer 2, the nonmagnetic conductive layer 3, and the free magnetic layer 4 from a 
conductive layer (not shown) and a field is moreover given in the direction of Y from a record medium, the 
magnetization direction of the free magnetic layer 4 will change from X towards the direction of Y. At this time, a 
lifting and electric resistance change [ the electron which is going to move to another side ] dispersion from layer of 
one of the two among the free magnetic layer 4 and the fixed magnetic layer 2 by the interface of the nonmagnetic 
conductive layer 3 and the fixed magnetic layer 2, or the interface of the nonmagnetic conductive layer 2 and the 
free magnetic layer 4. Therefore, the stationary current can change and a detection output can be obtained. 
[0042] 

[Example] In this invention, it formed by the quality of the material and thickness which show below seven layers 
from the substrate layer 6 shown in drawing 1 to a protective layer 7, and annealing treatment was performed under 
the following conditions. And the magnitude of the exchange anisotropy field acquired by the interface of the 1 st 
antiferromagnetism layer 1 and the fixed magnetic layer 2 and the exchange anisotropy field acquired by the 
interface of the 2nd antiferromagnetism layer 9 and the free magnetic layer 4 was measured by VSM with a vacuum 
heating device. The experimental result is shown below. 

[0043] By Ta (tantalum), the quality of the material of the substrate layer 6 is formed, and thickness is formed by 
50A. The 1st antiferromagnetism layer 1 by the Pt-Mn alloy film (blocking temperature of about 380 degrees C) 
Thickness is formed by 3 00 A. The fixed magnetic layer 2 by the Co-Fe alloy film Thickness is formed by 30A. The 
nonmagnetic conductive layer 3 by Cu (copper) Thickness is formed by 28A The free magnetic layer 4 by the Co- 
Fe alloy film Thickness was formed by 50A, the 2nd antiferromagnetism layer 9 was formed by the Ir-Mn alloy film 
(blocking temperature of about 240 degrees C), film Thu was formed by 100A, the protective layer 7 was formed by 
Ta (tantalum), and thickness was formed by 50A. Thus, annealing treatment was performed to the formed multilayers 
at 230 degrees C for 4 hours, impressing the field of 2000Oe(s) (oersted) in the direction of Y first shown in drawin g 
1. 

[0044] Next impressing the field of 2000Oe(s) in the direction of illustration X, annealing treatment was performed 
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for 10 minutes at 250 degrees C t and annealing treatment temperature was reduced gradually after that Then, when 
the exchange anisotropy field was measured by VSM with a vacuum heating device, the exchange anisotropy field in 
the interface of the 1st antiferromagnetism layer 1 and the fixed magnetic layer 2 showed 700Oe extent and the 
very large value. On the other hand, the exchange anisotropy field in the interface of the 2nd antiferromagnetism 
layer 9 and the free magnetic layer 4 showed 60Oe extent and the very small value. By the above experimental 
result, the fixed magnetic layer 2 is firmly single-domain-ized in the direction of illustration Y, and it is guessed that 
the free magnetic layer 4 is what is weakly single-domain-ized in the direction of illustration X. 
[0045] 

[Effect of the Invention] According to this invention explained in full detail above, the 2nd antiferromagnetism layer 
is formed at least on said free magnetic layer of the spin bulb mold thin film to which the laminating of the 1 st 
antiferromagnetism layer, fixed magnetic layer, nonmagnetic conductive layer, and free magnetic layer is carried out, 
and magnetization of said free magnetic layer is controlled proper. 

[0046] as conditions required for said 1st antiferromagnetism layer and the 2nd antiferromagnetism layer — ** — 
** with the blocking temperature of the 1 st antiferromagnetism layer lower than the 2nd blocking temperature — 
the exchange anisotropy field in the interface of the 1st antiferromagnetism layer and a fixed magnetic layer is 
smaller than the exchange anisotropy field in the interface of the 2nd antiferromagnetism layer and a free magnetic 
layer — it comes out. 

[0047] And in this invention, the blocking temperature gradient of the 1 st antiferromagnetism layer and the 2nd 
antiferromagnetism layer is used. First, the temperature which a field is impressed in the direction of a leak field of a 
record medium, and the crystal structure of said 1st antiferromagnetism layer regutation-izes, A field is impressed in 
the direction which annealing treatment is performed at temperature lower than the blocking temperature of the 2nd 
antiferromagnetism layer, next intersects the leak field of a record medium. Or below at the blocking temperature of 
the 1st antiferromagnetism layer And annealing treatment is performed above the blocking temperature of the 2nd 
antiferromagnetism layer. 

[0048] Magnetization of a fixed magnetic layer is firmly fixed in the direction of a leak field of a record medium by 
this annealing treatment, and it is single-domain-ized by extent which moreover carries out flux reversal in the 
direction in which magnetization of a free magnetic layer intersects magnetization of said fixed magnetic layer by 
the external magnetic field. 

[0049] Thus, since a free magnetic layer is controllable by this invention proper even if a hard bias layer is not 
formed like before, the process which etches the configuration of multilayers into trapezoidal shape becomes 
unnecessary, and can simplify a production process. Moreover, the problem that magnetization of a fixed magnetic 
layer destabilizes is also lost by the leak field of a hard bias layer like before. 

[Translation done.] 
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JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3in the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The sectional view showing the structure of the spin bulb mold thin film of this invention, 
[Drawing 2] The sectional view showing the structure of the conventional spin bulb mold thin film, 
[Description of Notations] 

1 1 st Antiferromagnetism Layer 

2 Fixed Magnetic Layer 

3 Nonmagnetic Conductive Layer 

4 Free Magnetic Layer 

6 Substrate Layer 

7 Protective Layer 

9 2nd Antiferromagnetism Layer 



[Translation done.] 
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DRAWINGS 



[Drawing 1] 
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[Translation done.]* 
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